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METHOD AND APPARATUS FOR MONITORING A 
CHANNEL DURING AN ACTIVE SESSION IN A 
WIRELESS COMMUNICATION SYSTEM 

BACKGROUND 

Field of the Invention 

[1001] This invention relates to wireless communications. Specifically, this 
invention relates to wireless communications with more than one network. 

□ 

Q 

sj Background Information 

m 

Q [1002] FIGURE 1 shows a model for a wireless communications system that 

jjj includes an access terminal (AT) 1 000, a network for wireless communications 

;^ (hereinafter 'wireless network') 1002, and a service network 1004. The service 

It! network 1004 may be a telephone network such as the public switched 

u telephone network (PSTN), a packet-switched data network such as the 

Internet, or a private network such as a local-area or wide-area network. The 
wireless network 1002 may be a subscriber network for cellular telephony 
and/or packet data services. Alternatively, the wireless network 1002 may be a 
private network (for example, a network that provides wireless connectivity 
throughout a facility). The AT 1000 may be a mobile unit such as a cellular 
telephone, a personal digital assistant (PDA) with integrated wireless 
connection capability, a wireless modem or network card coupled to a laptop 
computer, or a vehicular access terminal. Alternatively, the AT 1000 may be a 
fixed unit such as a wireless local loop (WLL) handset or a public access 
terminal. 

[1003] A radio access network (RAN) 1006 within the wireless network 
communicates with the AT 1000 over an air interface. The air interface may 
include several traffic and control signals, carried over channels that are 
mutually orthogonal (or nearly orthogonal) in terms of time, frequency, and/or 
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coding. The wireless network 1002 may include several (or many) RANs 1006 
placed at physically separate locations such that the geographical service area 
of the network is extended. In such case, a mechanism may be provided to 
allow a continuity of communications as the AT 1000 moves between the 
coverage areas of the RANs 106 (e.g. via a handoff of the air interface from one 
RAN to another). Each RAN 1006 is coupled to the service network 1004 over 
one or more channels that may be wired, optical, and/or wireless. 
[1004] FIGURE 2 shows a wireless communications system including a 
wireless network N10 that communicates with an AT 10 over an air interface 
A10. Through networks N10 and 40, AT 10 may communicate with a remote 
server 50. In this example, air interface A10 conforms to Interim Standard IS- 

!" ! 856 [e.g. as set forth in "cdma2000 High Rate Packet Data Air Interface 

□ 

□ Specification", PN-4875 (TR-45), Telecommunications Industry Association 

I }j (TIA), Arlington, VA, September 12, 2000]. Such an air interface includes 

J3 several code-division multiple-access (CDMA) channels for traffic and control 

S signals that are carried over specified uplink and downlink frequency bands. 

Q [1005] Wireless network N10 includes a packet data serving node (PDSN) 

y, 30 that supports authenticated packet data exchange with a packet-switched 

jjj data network 40 such as the Internet. Each RAN 20 (also called a radio 

jlj network node or RNN) may include a base transceiver station (BTS), which 

terminates the radiolink with the AT, and a base station controller (BSC), which 
terminates the physical link to PDSN 30 (BTS and BSC not shown). Logical link 
L10 between a RAN 20 and PDSN 30 is established only as needed to support 
a session with the AT. In this example, link L10 is a RP link as described in 
Interim Standard IS-835 [TIA/EIA/IS-835, "Wireless IP Network Standard for 
cdma2000," Telecommunications Industry Association, Arlington, VA]. 

[1006] It may be desirable for a single AT to have the capacity to 
communicate with more than one service network. For example, it may be 
desirable for a single AT to have the capacity to provide both wireless voice 
connectivity with the PSTN and wireless packet data connectivity with the 
Internet. FIGURE 3 shows an example of a wireless communications system in 
which a dual-use AT 1010 may communicate with two different service networks 
1014, 1016 over a single air interface via RAN 1012. 
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[1007] FIGURE 4 shows a particular example of a system as shown in 
FIGURE 3, including a wireless network N20 that operates in compliance with 
Interim Standard IS-2000 [a six-part document defining "cdma2000 spread 
spectrum systems," PN-4427-4432 (TR-45), Telecommunications Industry 
Association (TIA), Arlington, VA, July, 1999]. AT 15 communicates with network 
N20 over an air interface A15 that is specified in the IS-2000 standards 
documents. Through link L20 to mobile switching center 60 (established using 
a protocol such as Common Channel Signaling System No. 7), a RAN 25 
supports voice and SMS (Short Messaging Service) communications between 
the PSTN 70 and AT 15. Through RP link L30 to PDSN 30, RAN 25 also 
supports packet data services between a packet-switched data network 40 and 
p, AT 15. Communications with AT 15 may be handed off from one RAN 25a to 

another RAN 25b (e.g. as AT 15 moves between the coverage areas of the 

5 J RANs), with links L20 and L30 also being handed off as appropriate. 

UJ 

[1008J Although air interface A15 provides for packet data services, an IS- 
jifi 2000-com pliant network (also called a '1X' network) is optimized to carry voice 

111 traffic rather than packet data traffic. An IS-856 network does not support voice 

f|j traffic, but such a network may be better suited than a 1X network to support the 

p high data rates associated with applications such as wireless Internet 

j|j connectivity. Although both types of wireless network provide access over air 

interfaces that include CDMA channels, it is possible to deploy IS-856 and 1X 
networks to have overlapping areas of coverage (for example, the two air 
interfaces can be implemented over different frequency allocations) to support 
optimized delivery of both voice and packet data services throughout a 
particular geographical area. 

[1009] Wireless networks that conform to the IS-2000 standard are currently 
in place, while wireless networks that conform to the IS-856 standard are in 
advanced stages of development. A need exists to support the reception of 
communications from one wireless network during an active session with 
another wireless network in a manner that is compliant with existing standards 
and/or does not require alterations to infrastructures already in place or about to 
be deployed. 
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SUMMARY 

[1010] Embodiments disclosed herein address the above stated need by 
transmitting a pause command to one wireless network, monitoring a channel 
for transmissions from another wireless network, and transmitting a resume 
command to the first wireless network. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[1011] FIGURE 1 shows a model for a wireless communications system. 

[1012] FIGURE 2 shows a wireless communications system that includes an 
IS-856 network. 

[1013] FIGURE 3 shows a wireless communications system that includes a 
dual-use access terminal. 

[1014] FIGURE 4 shows a wireless communications system that includes a 
1X network. 

[1 01 5] FIGURE 5 shows a diagram of a dual-coverage system. 

[1016] FIGURE 6 shows a wireless communications system that includes a 
IS-856 network and a 1X network. 

[1017] FIGURE 7 shows a wireless communications system that includes a 
IS-856 network and a 1X network. 

[1018] FIGURE 8 shows a flowchart for a method according to an 
embodiment of the invention. 

[1019] FIGURE 9 shows a diagram of a system including a hybrid access 
terminal. 

[1020] FIGURE 10 shows a flowchart for a method according to another 
embodiment of the invention. 

[1021] FIGURE 11 shows a flowchart for a method according to another 
embodiment of the invention. 

[1022] FIGURE 12 shows a flowchart for a method according to another 
embodiment of the invention. 
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[1023] FIGURE 13 shows a flowchart for a method according to another 
embodiment of the invention. 

[1024] FIGURE 13A shows a flowchart for a method according to another 
embodiment of the invention. 

[1025] FIGURE 14 shows a block diagram for a hybrid access terminal 
according to an embodiment of the invention. 

[1026] FIGURE 15 shows a block diagram for a hybrid access terminal 
according to another embodiment of the invention. 

[1027] FIGURE 16 shows a block diagram for a hybrid access terminal 
according to another embodiment of the invention. 

j£ [1028] FIGURE 17 shows a block diagram for a hybrid access terminal 

0 according to another embodiment of the invention. 

||j [1029] FIGURE 18 shows a block diagram for a hybrid access terminal 

\M according to another embodiment of the invention. 

Q 

g DETAILED DESCRIPTION 

U 

q [1030] FIGURE 5 shows a block diagram of a dual-coverage system. Within 

N such a system, it may be desirable for a single AT 1 020 (i.e. a 'hybrid AT or 

HAT) to provide service through either wireless network. For example, FIGURE 
6 shows a wireless communications system that includes an IS-856 network 
(e.g. as shown in FIGURE 2) and a 1X network (e.g. as shown in FIGURE 4), in 
which a HAT 1 00 may communicate over the appropriate air interface with a 
RAN of either wireless network. As illustrated in FIGURE 5, the HAT 1020 is 
coupled to wireless networks A and B, 1022, 1024. Each of networks A and B, 
1022, 1024, is coupled to service network A and B, 1028 and 1026, 
respectively. FIGURE 7 shows a similar system in which packet data service is 
available exclusively through the IS-856 network. [Although separate RANs are 
shown in these figures, it is possible that a single RAN may support both air 
interfaces A10 and A15 (and links L10 and L20).] 

[1031] It may be desirable to provide a HAT that can communicate (possibly 
over different air interfaces) with different wireless networks. However, it may 
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also be desirable for the HAT to be able to receive incoming communications 
from one wireless network even while it is active on another wireless network. 
For example, it may be desirable for a HAT to have the capacity to receive 
paging messages from a 1X network (e.g. indicating incoming voice calls) even 
if the HAT is actively engaged in a data session with a PDSN over an IS-856 
network. 

[1032] Slotted paging is a common feature of modern wireless 
communications systems. In a slotted paging scheme, pages directed to a 
particular AT are transmitted only during specified time slots. If the AT is not 
monitoring the paging channel when the page arrives, system responsiveness 
will suffer. A need exists for a HAT that can maintain a predetermined level of 
J'* responsiveness to incoming pages from a 1X network even when actively 

Q engaged in a data session with a PDSN over an IS-856 network. 

M 

IH [1033] FIGURE 8 shows a flowchart for a method according to an 

Q 

(H embodiment of the invention. In task T200, a pause command is transmitted to 

a first wireless network. In task T300, a paging channel is monitored for 

0 transmissions from a second wireless network. In task T400, a resume 

ry 

y, command is transmitted to the first wireless network. Note that the pause 

£ command includes a command to reduce a data rate, or indicates a null data 

I1J rate. Also, the resume command may include a command to set a non-null data 

rate. 

[1034] FIGURE 9 shows a diagram of a system including a hybrid access 
terminal 200 that performs a method as shown in FIGURE 8. In a particular 
implementation of such a system, traffic channel C10 and control channel C20 
are components of an IS-856 air interface (e.g. air interface A10 as shown in 
FIGURE 6 or 7), while control channel C30 is a component of a 1X air interface 
(e.g. air interface A15 as shown in FIGURE 6 or 7). Specifically, traffic channel 
C10 may correspond to the Forward Traffic Channel, and control channel C20 
may correspond to the Data Rate Control Channel, as specified in Sections 
9.1.2.1 and 9.3.1.3.2.3, and Sections 9.1.2.4 and 9.2.1.3.3.3, respectively, of 
the IS-856 standard document referenced above, while control channel C30 
may correspond to the Paging Channel as specified in Section 3.1.3.4 of part 2 
of the IS-2000 standard document referenced above. 
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[1035] In the example of FIGURE 9, HAT 200 receives data from RAN 20 
over traffic channel C10. For example, HAT 200 may be engaged in an active 
session with an entity on the Internet such as remote server 50 in FIGURE 4. 
Upon a specified event (e.g. the approach of a paging slot as assigned to HAT 
200 by the network of RAN 25), HAT 200 transmits a pause signal to RAN 20 
over control channel C20. In the particular implementation described above, 
HAT 200 transmits the pause command by setting the Data Rate Control (DRC) 
value to a null value (i.e. the value 0x0 as noted in Table 8.4.5.5.1 .1 -1 of the IS- 
856 standard document referenced above). 

[1036] HAT 200 monitors the control channel C30 for transmissions from 
RAN 25. Upon another specified event (e.g. the end of the assigned paging 
H slot, possibly including a buffer period to account for a propagation delay of the 

Q paging signal), HAT 200 transmits the resume command by setting the DRC 

i j| value to a non-null value (i.e. as noted in Table 8.4.5.5.1 .1-1 referenced above). 

P Upon a different specified event (e.g. the reception of a paging message during 

$ the assigned paging slot), HAT 200 may perform other tasks in addition to task 

q T400 (such as recording the information in the paging message) or instead of 

!lJ task T400 (such as responding to the paging message). 

>* 

[1037] FIGURE 9 shows an example in which HAT 200 transmits both the 
II) pause and resume commands to RAN 20. Note, however, that the pause and 

resume commands may actually be directed to an underlying PDSN. In this 
case, it is possible that between the transmission of these commands, a handoff 
of the air interface including channels C10 and C20 (and an associated handoff 
of the corresponding logical link to the PDSN) from a RAN 20a to a different 
RAN 20b within the same wireless network will occur, such that RAN 20a 
receives the pause command but RAN 20b receives the resume command. 

[1038] Certain advantages may be achieved in an implementation of a 
system as shown in FIGURE 9 and described above. For example, 
responsiveness to pages from RAN 25 may be continued without modification to 
RAN 20 or 25, the air interfaces A10 and A15, or any associated logical link 
(e.g. to a PDSN). Further, by transmitting the pause command before 
monitoring begins, HAT 220 may allow RAN 20 to allocate the unused channel 
capacity to other uses and/or to other users. Moreover, by transmitting the 
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pause command before monitoring begins, HAT 220 may also forestall a need 
for RAN 20 to retransmit data that was transmitted and lost during the 
monitoring task. In other implementations of a system including one or more 
embodiments of the invention, one or more of these advantages may not be 
present or may be present to a greater or lesser extent, while other advantages 
may also be realized. 

[1039] FIGURE 10 shows a flowchart for a method according to another 
embodiment of the invention. In task T200, a pause command is transmitted to 
a first wireless network. In task T250, reconfiguring a receiver to a second 
mode (a mode corresponding to communication with a second wireless 
network) is performed, and in task T350, reconfiguring the receiver to a first 
mode (a mode corresponding to communication with the first wireless network) 



□ is performed. In a system as shown in FIGURE 9, for example, task T250 may 

, j| include tuning a RF stage of HAT 200 from a frequency of traffic channel C1 0 to 

a frequency of control channel C30, and task T350 may include tuning the RF 
ijjg stage of HAT 200 from a frequency of control channel C30 to a frequency of 

traffic channel C10. Reconfiguring the receiver from one mode to another may 
IlJ include changing or restoring other features of HAT 200, such as one or more 

j„t parameters of a coding or modulation scheme or the values of one or more 



state variables. In task T400, a resume command is transmitted to the first 
wireless network. 

[1040] FIGURE 11 shows a flowchart for a method according to another 
embodiment of the invention. In addition to the tasks as shown in FIGURE 8, 
this method includes tuning to a frequency of the second wireless network (e.g. 
a frequency of control channel C30) in task T252 and tuning to a frequency of 
the first wireless network (e.g. a frequency of traffic channel C10) in task T352. 

[1041] FIGURE 12 shows a flowchart for a method according to a further 
embodiment of the invention. In addition to the tasks as shown in FIGURE 8, 
this method includes receiving data from the first wireless network in task T100. 
In a system as shown in FIGURE 9, for example, HAT 200 may receive data 
from RAN 20 over traffic channel C1 0. 
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[1042] FIGURE 13 shows a flowchart for a method according to a further 
embodiment of the invention. In addition to the tasks as shown in FIGURE 10, 
this method includes receiving data from the first wireless network in task T100. 

[1043] FIGURE 13A shows a flowchart for a method according to a further 
embodiment of the invention. In addition to the tasks as shown in FIGURE 13, 
this method includes monitoring a paging channel for transmissions from a 
second wireless network in task T300. 

[1044] FIGURE 14 shows a block diagram for a hybrid access terminal 200 
according to an embodiment of the invention. Timer 220 indicates a specified 
event (e.g. the approach of a paging slot on a second wireless network) to 
command generator 230 via command select signal S40, causing command 
q generator 230 to select a pause command. Command generator 230 forwards 

$ data for transmission S20, including the pause command, to physical layer 

LH control unit 210 for transmission to a first wireless network. It is understood that 

ijj one or more among command generator 230 and physical layer control unit 21 0 

J' may perform other operations on the command before transmission (including 

0 but not limited to error correction coding, interleaving, and modulation). 

11J 

N 4 [1045] At a time subsequent to the transmission of the pause command, 

q timer 220 indicates a first channel selection to physical layer control unit 21 0 via 

^ channel select signal S10. Alternatively, timer 220 (or another unit or module) 

may indicate the first channel selection at a time prior to completion of the 
transmission of the pause command but subsequent to receipt of the most 
recent packet data transmission. In a HAT 202 as shown in FIGURE 15, 
physical layer control unit 210 may include or may be implemented as a RF 
stage 212. In this case, channel select signal S10 may be implemented as a 
frequency select signal S12, indicating a selection of at least a frequency for 
reception to RF stage 212. In other implementations, channel select signal S10 
may indicate a selection of time slot, coding scheme, and/or modulation scheme 
instead of or in addition to a selection of frequency. 

[1046] At a time subsequent to the indication of the first channel selection 
(e.g. at or near to the end of the paging slot), timer 220 indicates a second 
channel selection to physical layer control unit 210 over channel select signal 
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S10. In a HAT 202 as shown in FIGURE 15, for example, timer 220 may 
indicate a return to the original frequency for transmission and/or reception. 
Timer 220 then signals command generator 230 via command select signal S40 
to select a resume command. In a HAT for use with a IS-856 network, the 
pause and resume commands may include DRC values as described above. 

[1047] In one example, timer 220 and command generator 230 are 
implemented at least in part as sets of instructions executing on the same 
processing unit (e.g. an embedded processor or other array of logic elements). 
In another example, command generator 230 is implemented at least in part as 
an interrupt service routine (ISR), and timer 220 is implemented as a hardware 
or software module that issues a interrupt request signal corresponding to the 
ISR upon a specified event (e.g. a timeout). In a further example, timer 220 
compares a time of completion of receipt of a packet data transmission to a start 
time of the next paging slot. In this case, timer 220 may issue an indication to 
command generator 230 and/or physical layer control unit 210 when an interval 
between these times is below a predetermined threshold. 

[1048] If a mode (e.g. a frequency) of traffic channel C10 determines or 
otherwise affects a mode of control channel C20, then it may be desirable to 
wait until after transmission of the pause command is complete before 
reconfiguring the receiver (e.g. according to channel select signal S10) to a 
mode corresponding to control channel C30. In another situation, it may be 
desired to reconfigure the receiver to a mode corresponding to control channel 
C30 even before transmission of the pause signal over control channel C20 has 
completed. 

[1049] FIGURE 16 shows a block diagram for a hybrid access terminal 
according to another embodiment of the invention. At a time subsequent to the 
first channel select indication, physical layer control unit 210 forwards received 
data S30 to monitor 240. Received data S30 may be a null signal (e.g. 
indicating an absence of incoming pages) or may include pages for other 
terminals. If monitor 240 detects a specified condition on received data S30 
(e.g. data indicating an incoming page from the second network for HAT 204), 
monitor 240 may indicate the condition to another unit for appropriate action. 
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Such action may include, for example, recording information relating to an 
incoming page or responding to an incoming page. 

[1050] If the specified condition is not detected, timer 220 indicates the 
second channel change to physical layer control unit 210 as described above. 
In one example, one or more among timer 220, command generator 230, and 
monitor 240 may be implemented at least in part as sets of instructions 
executing on the same processing unit. Other conditions that monitor 240 may 
detect in this or other implementations include broadcast messages, emergency 
messages, and/or other control sequences directed to the HAT (and possibly to 
other terminals as well) by the second network, possibly over one or more 
channels other than the paging channel (for example, a broadcast channel). 
[1051] FIGURE 17 shows a block diagram for a hybrid access terminal 
according to another embodiment of the invention. Upon a specified event as 
described above (e.g. the approach of a paging slot on a second wireless 
network), timer 320 issues an initiation signal S140 to command generator 330. 
In response to initiation signal S140, command generator 330 forwards data for 
transmission S20, including a pause command, to physical layer control unit 
31 0 for transmission to a first wireless network. 

[1052] In response to initiation signal S140 (and possibly at a time 
subsequent to the transmission of the pause command), command generator 
330 also indicates a first channel selection to physical layer control unit 310 via 
channel select signal S110. In a HAT 302 as shown in FIGURE 18, physical 
layer control unit 310 may be implemented as a RF stage 312. In this case, 
channel select signal S110 may be implemented as a frequency select signal 
S112, indicating a selection of at least a frequency for reception to RF stage 
312. 

[1053] At a time subsequent to the indication of the first channel selection 
(e.g. at a time near the end of the paging slot), command generator 330 
indicates a second channel selection to physical layer control unit 310 over 
channel select signal S110. In a HAT 302 as shown in FIGURE 18, for 
example, command generator 330 may indicate a return to the original 
frequency for transmission and/or reception. At or near this time, command 
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generator 330 also forwards data for transmission S20, including a resume 
command, to physical layer control unit 310 for transmission to the first wireless 
network. In a HAT for use with an IS-856 network, the pause and resume 
commands may include DRC values as described above. 

[1054] In one example, timer 320 and command generator 330 may be 
implemented at least in part as sets of instructions executing on the same 
processing unit. In a particular case, command generator 330 may be 
implemented at least in part as an interrupt service routine (ISR). In another 
example, command generator 330 is implemented at least in part as an interrupt 
service routine (ISR), and initiation signal S140 is an interrupt request signal 
that causes an array of logic elements to execute the ISR. 

l«* 

q [1055] A hybrid access terminal as shown in FIGURE 17 or FIGURE 18 may 

y also include a monitor 240 as shown in FIGURE 16 and described above. In 

IJ1 one example, one or more among timer 320, command generator 330, and 

J monitor 240 may be implemented at least in part as sets of instructions 

' ^ executing on the same processing unit. 

||j [1056] The foregoing presentation of the described embodiments is provided 

M' to enable any person skilled in the art to make or use the present invention. 

Ig Various modifications to these embodiments are possible, and the generic 

^ principles presented herein may be applied to other embodiments as well. For 

example, the invention may be implemented in part or in whole as a hard-wired 
circuit, as a circuit configuration fabricated into an application-specific integrated 
circuit (ASIC), or as a firmware program loaded into non-volatile storage or a 
software program loaded from or into a data storage medium as machine- 
readable code, such code being instructions executable by an array of logic 
elements such as a microprocessor or other digital signal processing unit. 

[1057] The various illustrative logical blocks, modules, circuits, and/or tasks 
described herein may be implemented as electronic hardware, sequences of 
executable instructions, or combinations of both. Such features may be 
implemented with or performed by an array of logic elements such as a general- 
purpose processor, a digital signal processor, an ASIC, a field-programmable 
gate array or other programmable logic device, discrete gate or transistor logic, 
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discrete hardware components, or any combination thereof. A general-purpose 
processor may be a microprocessor, but in the alternative, the processor may 
be any conventional processor, controller, microcontroller, or state machine. A 
processor may also be implemented as a combination of computing devices 
(e.g. a plurality of microprocessors, a combination of a DSP or DSP core and 
one or more microprocessors, or any other such configuration). 
[1058] Tasks as described herein may be embodied directly in hardware, in 
software modules executed by one or more arrays of logic elements, or in a 
combination of the two. A software module may reside in random-access 
memory, flash memory, ferroelectric memory, read-only memory (ROM), 
programmable ROM (e.g. EPROM or EEPROM), registers, a fixed or removable 
disk (whether magnetic, optical, and/or phase-change), or any other form of 
5 data storage medium. Such a storage medium may be coupled to an array of 

; ji logic elements as described above such that the array may read information 

^ from and/or write information to the storage medium. The array and the storage 

?M medium may reside as discrete components in an access terminal or other user 

m device. Alternatively, the array and the storage medium may reside in an ASIC, 

jW or the storage medium may be integrated into the array. 

K [1059] Embodiments including features as described herein and equivalents 

ll thereof may be applied to IS-856-compliant and 1X networks as well as to other 

networks carrying data, packet data, and/or voice information. Thus, the 
present invention is not intended to be limited to the described embodiments but 
rather is to be accorded the widest scope consistent with the principles and 
novel features disclosed in any fashion herein. 
WE CLAIM: 



